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The ability to recognize emotions in others is a necessity for the establishment of appropriate interactions with members of the social environment. Emotion recognition is a first step for the development of the capacity to judge the thoughts, intentions, and desires of others. In infants, the capacity to identify, distinguish, and interpret emotions is limited, but these processes are developing rapidly and innately during the first years of life, on the same neural bases as those described in adulthood. 1 The social processes depend on complex cognitive mechanisms, which involve mainly the frontal and temporal lobe regions. These areas demonstrate a strong right hemisphere advantage and are considered the core system for normal face perception.
to deficits in processing social and emotional information and compromise the social adjustment of the affected individual. Indeed, disorders of social cognition are observed in various pathologies of a developmental nature, in particular autistic spectrum disorders, which can severely impair social adaptation of affected children. 3 Patients with early onset frontal and temporal lobe lesions might later develop important deficits in social integration. 4 Accordingly, children with early onset temporal lobe epilepsy (TLE) demonstrate altered emotion recognition. 5 Furthermore, children with benign childhood epilepsies with centrotemporal spikes (BCECTS) show altered social behavior. 6 In fact, deficit in social cognition could derive from brain dysfunction in the frontotemporal regions primarily affected in BCECTS, 7, 8 since these regions are also viewed as playing an important role in social cognition and development of social skills. 9 We aimed at exploring this hypothesis by investigating behavioral and functional magnetic resonance imaging (fMRI) aspects of social cognition in children with BCECTS.
Materials and Methods

Subjects
We recruited 17 patients from the outpatient clinic of the Department of Epilepsy, Sleep and Pediatric Neurophysiology (HFME, University Hospitals of Lyon, France). Our selection criteria for patients included the following: (1) diagnosed with BCECTS according to state-of-the-art diagnostic criteria (International League Against Epilepsy [ILAE] ) by experienced clinicians (E.P., J.B., K.O., A.A., and P.R.); (2) <24-month duration of antiepileptic drug (AED) treatment; (3) no other neurologic disease; and (4) normal MRI if available prior to inclusion. Fifteen age-and sex-matched healthy volunteers were recruited to serve as controls.
Parental informed consent, and child assent when appropriate (could write and sign the given consent), were obtained. The study was approved by the ethical committee of Civil Hospices of Lyon.
Behavioral ratings
All subjects were assessed individually on the same day as the MRI examination. The Conners' Parent Rating Scale (CPRS) was used to assess anxiety symptoms. Anxiety modulates the effect of emotions and affects response time. 10 Individual raw scores were converted into T-scores. We checked whether our patients and controls had abnormally high scores (i.e., >75) on the anxiety scale.
Attention impairment was identified with the Attention Scale (Diagnostic and Statistical Manual of Mental Disorders, 4th Edition [DSM IV]). Any score >6 is considered to meet the criteria for attention deficit.
Emotion detection task
Participants completed a simple emotion discrimination task during the fMRI. They viewed a set of pictures and were asked to identify the specific target emotion-either a happy or a fearful face, depending on the type of stimulusby pressing a button. The task was built to avoid implication of lexical, semantic, and syntactic skills, and to overcome naming deficit that may be observed in patients with epilepsy. Selection of these specifically designed stimuli from a large pool of facial photographs was based on the experience of previous studies of social perception in childhood.
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The visual stimuli consisted of gray scale images of faces expressing happy or fearful emotions, neutral faces with no emotion, and scrambled faces. Emotional expressions were judged by five unbiased raters who were external to the study, including two professional artists, one neuropsychologist, one neuroscientist, and one research engineer. Faces were included within the stimuli pool if the same emotion was detected by all five raters regarding the neutral, happy, or fearful valence.
Pictures were edited to remove hair and clothing, and the neutral faces were edited for brightness around the eyes and mouth to avoid low-level cueing. For scrambled images, neutral face features were jumbled to randomly position the eyes, nose, and mouth. Each run consisted of 100 pictures of faces, 25 for each type of stimulus. Overall seven male and seven female faces featuring neutral, happy, and fearful emotions were used. Each stimulus has been presented three to four times during the whole experiment. The order of presented stimuli was counterbalanced within and across subjects.
Each stimulus was presented for 1 s, with jittered interstimulus intervals of 1.5 to 6 s (mean 3.5 s), and randomly inserted null events (N = 9, duration 10 s). All stimuli were presented in a pseudorandomized order to avoid successive presentation of expressions of the same emotional intensity. The stimuli were projected onto a rear projection screen that the subject viewed from an angled mirror fixed to the head coil. There were two runs, one during which happy faces were the targets to detect (active viewing/detection of happy faces), and one where fearful faces (active viewing/detection of fearful faces) were the targets. Both runs were counterbalanced with respect to facial expression and gender. Half of the subjects (totaling controls and patients) had to detect fearful faces during the first run, followed by happy
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• There is an abnormal age dependency suggesting delayed maturation of networks supporting social cognition in brain regions affected by BCECTS target detection during the second run. The other half detected happy faces during the first run, followed by fearful faces detection in the second run. The order of fearful and happy faces was different for the second run for all subjects. Subjects responded by pressing a response button with their index finger of the dominant hand each time they detected the target emotional stimulus. Participants were instructed to respond both quickly and accurately, with accuracy being prioritized. The experiment was presented with the use of Presentation software (Version 0.79, 2009, Neurobehavioral Systems, Albany, CA, U.S.A.), allowing for the acquisition of response accuracy, errors, and response time (msec). The level of accuracy represents the proportion of target emotions that were correctly detected, whereas the rate of errors corresponds to the proportion of nontarget emotions mislabeled as target emotions.
Group differences in response accuracy and response time were assessed using multivariate analysis of variance (ANOVA) in SPSS (spss.com), with the diagnostic group (BCECTS vs. controls) as the independent variable (p < 0.05). Before entering the MRI scanner, participants were trained on the tasks, and the investigator in charge (CC) ensured that subjects understood the task and were sufficiently trained.
Imaging parameters
Functional images were acquired on a Siemens Sonata whole-body 1.5T MRI System (Siemens, Erlangen, Germany), using a pulse sequence with repetition time/echo time (TR/TE) 2,500/50 msec, flip angle = 90 degrees, field of view (FOV; in-plane) = 220 mm, matrix = 64 9 64, and ascending acquisition, 3 mm slices, 29 slices, 0.4 mm gap between, 186 volumes, 7.45 min per run.
For the T 1 -weighted three-dimensional (3D) sequence the parameters were the following: sagittal orientation, 160 slices, TE = 3.55 msec, TR = 2,400 msec, inversion time (TI) = 1,000 msec, FOV (in-plane) = 230 mm, flip angle = 8 degrees, slice thickness = 1.2 mm, voxel size = 1.2 9 1.2 9inversion time (TI)1.2 mm 3 . Total scan time was 7.42 min.
MRI processing
MRIs were processed using MATLAB 7.6 (Mathworks Inc., Natick, MA, U.S.A.) with a statistical parametric mapping software (SPM8, Wellcome Department of Imaging Neuroscience, London, United Kingdom). The first four volumes were discarded to allow the MRI signals to reach the equilibrium. The ArtRepair toolbox was used to identify and repair slices containing spikes. These repaired images were then realigned to the mean functional image, which was co-registered to the anatomic image. The realigned and mean images were then normalized to the standard SPM8 echo-planar image template, and smoothed at 8 mm fullwidth half maximum. Preprocessed data were included in a general linear model (GLM). Movement parameters and outliers were included as nuisance regressors in the firstlevel SPM. GLM included five conditions-scrambled, neutral, happy, and fearful faces as well as the rest condition. Contrasts of interest were generated by comparing the beta weights associated with blood-oxygen-level dependent (BOLD) activation in response to happy (H) or fearful (F) faces versus neutral (N), happy (H), or fearful (F) faces versus scrambled (S), and happy (H) or fearful (F) faces versus rest (R). Happy or fearful faces were also compared to scrambled faces to explore responses to emotional content rather than the configurational processing of faces.
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A second-level random-effects analysis was used to assess across and between-group significant activations, using an explicit mask of the gray matter. The contrasts were thresholded at p < 0.001 with a cluster extent of 100 contiguous voxels. We entered age and gender as covariates of no interest in the model, and checked for their global BOLD effects.
A post hoc analysis of active versus passive viewing of happy or fearful faces versus rest or neutral faces was conducted. Correlation analysis was performed over the whole brain and using region of interest (ROI). In addition, because the amygdala is associated with the primary response to fearful faces, we performed additional withinand between-group analyses using a mask of the amygdalae (created with the Hammersmith's atlas-www.brain-deve lopment.org). An ROI analysis of the amygdalae, extracting the percentage of BOLD signal change from beta images, was also performed and entered into SPSS for comparison of the signal changes during the fearful/happy faces target task. Cluster peak beta values extracted from the significant clusters for the between-group comparison were correlated with clinical variables. We also computed correlation coefficients (Pearson's correlation, two-tailed, p < 0.05) between parameter estimates of the significant clusters from the between-group analysis and emotion discrimination performance (accuracy, errors, and response time). A mixedeffect linear model with test of interaction was employed to test for difference between correlations, with age and sex entered as random effects.
Furthermore, behavioral performance was later correlated with neuropsychological scores of patients, age of patients, duration of epilepsy, onset of epilepsy, total number of seizures, and last seizure.
Results
Subjects characteristics
Six participants (four patients and two controls) were excluded from the analysis due to excessive head movements or inaccurate completion of the experimental tasks. Two controls who were 16 years old at the time of the study were also excluded to match the age range between patients and controls. The 24 remaining subjects included 12 righthanded (four female) and one left-handed patient with BCECTS (age range 6.1-12.7 years old, mean age 9.6 AE 1.7 years old) and 10 right-handed (two female) and one left handed (one female) healthy control (age range 6.4-12.8 years old, mean age 9.2 AE 2.3 years old). Neither age (p = 0.612) nor gender (p = 0.823) differed significantly between patients and controls.
The mean duration of epilepsy from onset to scanning was 22.7 months (standard deviation [SD] + 24.7, min = 2, max = 84). At the time of inclusion in the study, electroencephalography (EEG) spike foci were left sided in six patients, right sided in two, and bilateral in two, whereas three patients had a normalized EEG following prior recordings that demonstrated typical BCECTS spikes. Ten patients had no AED, two had one AED, and one had three AEDs. One patient (#1) was treated with methylphenidate for comorbid attention-deficit/hyperactivity disorder (ADHD) ( Table 1) .
Behavioral ratings
We did not observe a clinically significant increase in anxiety score (T score >75) in patients versus controls. Intermediate scores between <65 and >75 of uncertain clinical relevance were detected in two patients, whereas all other subjects had a fully normal score (<65). Attention deficit was detected in one patient (score = 9, not the same patient as the one treated with methylphenidate).
Behavioral response
A multivariate ANOVA test showed a significant difference between patients and controls, with detailed findings presented in Figure 1 
Imaging results
Fearful faces detection task
In patients, the only significant activation was observed for the detection of fearful faces versus rest (F vs. R), which showed activation in the right lingual gyrus and cuneus. All other contrasts failed to show significant clusters ( Table 2) .
In contrast, controls showed much larger significant activations for F versus R over the right medial frontal gyrus (MFG), middle frontal gyrus, inferior frontal gyrus (IFG), and superior temporal gyrus (STG); the left inferior occipital gyrus (IOG); and bilaterally over the insula, claustrum, and cuneus. Controls also showed activation for the following: (1) Between-group analyses demonstrated that BCECTS patients showed significantly less activation than controls for the F versus R contrast bilaterally in the insular cortex, caudate, and lentiform nuclei (Fig. 2) , and for the F versus S contrast in the left caudate nucleus, claustrum, insular cortex, and precentral gyrus.
Happy faces detection task
In patients, the only significant activations were observed for the happy faces versus rest (H vs. R) contrast over the right lingual gyrus and cuneus ( Table 2 ). All other contrasts failed to show significant clusters.
In controls, H versus R, but also happy versus scrambled faces (H vs. S) and happy versus neutral faces (H vs. N) and happy versus rest (H vs. R) contrasts showed similar significant activations in the lingual gyri, cunei, and MOG.
However, between-group analyses failed to detect significant differences between BCECTS patients and controls in response to happy faces.
Post hoc analyses
Within-and between-group analysis using an explicit mask of the amygdala did not reveal any activation in this region. Accordingly, there was no difference in % of BOLD changes in the amygdala ROIs between groups (p = 0.72 for F vs. R and p = 0.41 for F vs. S).
Correlation analyses between behavioral performance and clinical variables yielded a positive correlation between delay from last seizure to the imaging session and accuracy to detect fearful faces (R = 0.589, p = 0.031), pointing to a greater accuracy for longer seizure-free period preceding the scan. There was also a negative correlation between the age of BCECTS patients and % of errors in detection of target emotions (R = À0.723, p = 0.005), which was not observed in controls. Accordingly, the slopes of the above correlation differed significantly between groups (p = 0.012, Fig. 3 ), suggesting that brain maturation for detecting fearful faces might be completed before the age of 6 in controls and delayed in BCECTS, where it continued to develop during the 6-to 12-year range investigated in our study. Analysis of behavioral data, excluding the three patients that had an AED, yielded similar results, except for error rates for fearful faces (p = 0.032).
We checked for the effect of age and sex and no significant BOLD increase related to these variables was detected.
Discussion
To our knowledge, this is the first study to investigate the neuronal response to emotional stimuli in BCECTS using fMRI. Behavioral data demonstrated that patients with BCECTS had impaired fearful faces recognition, whereas fMRI results showed that they had reduced brain activations in response to emotional recognition paradigm. Only a few studies of social cognition are available in children with epilepsy, mostly addressing TLE, and suggesting significant impairment of emotion recognition. 12 The earlier the onset of TLE, the greater the dysfunction in social cognition. 5 Only limited clinical data are available in BCECTS, but these also point to the presence of behavioral problems and impaired social behavior. 6 A better understanding of social cognition dysfunction in BCECTS is important because such a disorder could have a significant impact on educational and schooling activities.
To investigate the behavioral and fMRI performance of our subjects, we used a classic paradigm of facial emotion recognition. Accordingly, our findings in controls were in line with those previously reported, both in terms of lateralization, that is, predominantly right-sided, 13 and localization. The social cognition network primarily involves the orbitofrontal cortex, the superior temporal sulcus (STS), and the amygdala, and to a lesser extent the right parietal cortex, the insular cortex, the basal ganglia, the temporoparietal junction, and the temporal poles. The full perception of human faces relies primarily on a network located in the occipitotemporal cortex, including the middle part of the fusiform gyrus-the fusiform face area (FFA), the occipital face area (OFA) in the inferior occipital gyrus, and the posterior part of the STS.
In healthy controls, active detection of fearful stimuli elicited an expected response from the FFA, STS, and OFA. The FFA is involved in low level processing, attention, 14 and emotional detection of faces. 15 STS is associated with the processing of visual information, such as face expressions and the dynamic facial representations. 16 OFA is involved primarily in the face perception network. 17 These regions have been shown to be essential for emotional detection of faces, but their response varies as a function of age and task content. 18 Controls also showed strong activations in the right medial and inferior frontal gyri-areas known to process emotional facial expressions, 19 and to represent an important neural substrate of executive aspects of cognition, such as social and moral behavior. 20 The happy faces detection task in controls elicited a significant bilateral response in the lingual gyri and cunei. Lingual gyrus activation is common during early processing of faces, even before their identification. 21 Cuneus and lingual gyrus activation in an emotional task is often linked to the attribution of emotions to self and others, 22 to controlling attention, 23 and to face recognition and visual processing. 24 It is unlikely that these activations were due to low-level stimulus differences, as we also contrasted the active viewing of target images (happy or fearful) with viewing of scrambled and neutral faces stimuli and observed the response from distinct areas involved in emotional processing.
Contrary to other facial emotional recognition studies, we did not observe any activation of the amygdala. The amygdala is believed to be the central processor of fear in the brain. 25 Although the amygdala participates actively in the processing of positive and negative stimuli, it appears more responsive to fearful faces. 26 The lack of significant amygdala activation in our study could reflect the habituation effect due to recurrently presented stimuli. Indeed, previous studies have shown that repeatedly presented stimuli, regardless of their emotional valence, led to habituation in the amygdala, mostly on the right side, 27 the hippocampus, and the medial/inferior temporal cortex. 28 None of these regions showed significant BOLD signal in our study, neither in controls nor in patients. Furthermore, it was suggested that the lack of an initial response from amygdala is not essential for early stages of fear processing. 29 Happy faces detection elicited similar responses in BCECTS and control subjects, notably in the lingual gyri and cuneus. Our task requires constant attention from our subjects, a cognitive process that is likely to be preferentially directed toward the more powerful stimuli, that is, fearful faces. 30 Furthermore, happy faces are easier to detect than fearful faces, since happy faces are the only indicator of positive emotion--happiness. 31 In contrast, fearful faces are more easily confounded with neutral faces. Indeed, previous work has shown that subjects with various focal brain lesions have more difficulties in recognizing negative emotions. 31 Accordingly, BCECTS patients differed from controls for the fearful faces condition only, with weaker BOLD response bilaterally in the insular cortices and in the dorsal striatum-mainly the claustrum, lentiform, and the caudate nuclei. The insular cortex is known to be involved in processing of emotional faces, mostly fear and disgust, 32 whereas the dorsal striatum plays an important role in how individuals perceive fearful faces and in the processing of salient stimuli. 33 This is particularly interesting, as recent morphometric studies showed delayed thickening of the insular cortex 34 and striatal hypertrophy in BCECTS, 35 suggestive of abnormal maturation of these structures.
We also found that BCECTS were slower to categorize the target emotional stimuli, and made more errors than controls for categorization of fearful stimuli, indicating that their abnormal fMRI activation was associated with behavioral deficit. There are at least four factors that might participate to slow the response time in patients with epilepsy: (1) antiepileptic medication, (2) macroscopic brain lesions responsible for epilepsy, (3) ictal/postictal activity, and (4) interictal brain dysfunction associated with the epileptogenic process. The role of the first three factors in driving the behavioral abnormalities observed in our study appears unlikely, since only three patients were taking AEDs, none presented a detectable brain lesion, and three fourths had had less than three seizures per lifetime. Thus we believe that the main contribution to their slowed response time lies in an interictal brain dysfunction in relation to BCECTS. Lower performances in BCECTS also appear unlikely to reflect an increased level of anxiety. Although previous studies show that the self-reported high scores of anxiety in 6-to 12-year-olds were associated with decreased ability to inhibit negative valence emotion, 36 Conners Scale scores for anxiety were normal in both our BCECTS and control populations. Similarly, the proportion of children with attention deficit was comparable in the two groups. Conversely, we observed a positive correlation between the time elapsed since the last seizure and the accuracy in detecting targeted emotions. According to the long delay between the last seizure and our experiment in all patients (i.e., always ≥1 month), a postictal effect is unlikely. Time from last seizure might be a surrogate marker of a more active epilepsy. One possible hypothesis to reconcile these findings would be that current altered behavioral performance and fMRI activation primarily reflect a past process that resulted in delayed brain maturation, 37 rather than present interictal EEG findings.
Most interestingly, we found a significant negative correlation between age and the percentage of errors made in detection of fearful faces in BCECTS (type I error), but not in controls. This finding suggests that the age-dependent acquisition of competences for correct categorization of fearful faces is slowed in BCECTS, further supporting the hypothesis of an underlying delayed brain maturation. 37 In fact, we recently demonstrated delayed cortical maturation in the brain regions affected by BCECTS (ipsilateral to the EEG focus), notably reduced fractional anisotropy and increased diffusivity. 37 These findings could account for the various cognitive dysfunctions observed in BCECTS, including altered cognitive flexibility, picture naming, verbal fluency, visuoperceptual skill, memory, visuomotor coordination, learning disability, inattention and emotional liability, and academic underachievement. 38 Furthermore, some of the brain regions displaying altered cortical maturation belong to the network supporting social cognition. 6 Whether such delayed brain maturation reflects the long-lasting consequences of spiking activity occurring during the early and very active phase of BCECTS, or represents the common neurobiologic basis of both transient cortical hyperexcitability and sustained cognitive dysfunction, remains unknown.
Conclusion
Patients with BCECTS demonstrate an age-dependent altered behavioral response to fearful faces associated with lower fMRI activation suggesting delayed maturation of the neural network supporting social cognition. These findings might account in part for the altered social behavior observed in patients with BCECTS and warrant further investigation.
